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Synthesis Inspiration

Lots of available research
Two new aguatic professionals
Monitoring protocols under development

- )
Bill Route, GLKN Daren Carlisle, NPS — USGS




Synthesis Objectives

ldentify aguatic research themes

Offer considerations for future monitoring
and research

Raise the profile of Great Lakes parks




Today’s Objectives

Describe the aquatic synthesis process
Quickly tour the document

Summarize the Network-wide synthesis
Offer helpful hints to future synthesizers




Methods

Literature search

o Park files and libraries

o Midwest Regional Office files
o Online literature searches

o USGS reports (NAWQA and Minnesota
District)




Methods

Literature review & organization
o Grouped by park

o Grouped into natural categories
Literature recording

o« Summary Table (author, date, approach,
results, conclusions/recommendations)

\Water resource statistics (thanks, Ulfl)
o Length of streams, rivers, shoreline
o Area of lakes, wetlands, large rivers




Methods: Analysis

Two levels of summary and synthesis
o Park-by-park

Maps, water resource stats, research summary,
analysis of strengths/gaps, considerations

o Network-wide
Summary of research themes
Analysis of strengths/gaps across parks
Considerations




Research Categories

General resource documents and plans
Water quality

Biology and ecology

Fish

Aguatic wildlife

Amphibians and reptiles
Wetlands and aquatic vegetation
Contaminants

Hydrology

Groundwater

Physical structure and processes
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APOSTLE ISLANDS NATIONAL LAKESHORE
ablished in 1970, s an island archipelago consisting of 21
d Peninsula in Lake Superior (Figure 1). The Lakeshoro
m mainland unit al Together, the islands and mainland unit protect
258 km ol Lake Supenor shoreline (Ta APIS junsdiction in Lake Superor waters near the islands is
mited to the meniscus, but covers nearty 11,000 ha (Table 1). The mainland unit and sevoral islands
contain unkgque inland water resources that have received soma attention over the past several decades,
The Sand River runs through the mainland unit, and small perennial and intermitiont streams are lound
ko other parks, APIS features very few named streams and lakos
mittent streams than any othor Great Lakes arca park (Table
Il as Stockton, Outer and Michigan

ands.

features more Kilomelers of ir
found on the mainland uni! as wi

Unique lagoon ecosystor
Bogs, beaver ponds, and wetlands occur on many

Summary of existing aquatic research

In addition to gene | invantories for particular istands or sets of islands (Stadnyk et al. 1974,
Anderson et al. 1979, 1980, 1982, 1983, Brander and Bailoy 1983), APIS also has assembiled plans for
g. Anderson and Stowell (1985) present a
s and spoecies, with specific referenceo to intact spruce bog habdtats
Van Stappen (1999) provides a review of the curment monitorning program
ami-aquatic components. Relevant monitoring elforts by partners and
ure inventory and monitoring. No
ries Managem Islands. Although there are some
thal describo m 5 plans lor specific Wisconsin Department of Natural
vg- This may be due to the fact that
OUrces are o state of Wisconsin has management
A coordinated management pla tween tha National Park Service,
ral Resourcos, area tnbes and othor resource management agencies
ant for all partie:

wildliife managema
management plan for
and amph

whach i

entire area is lack

unsdiction for those wa
onsin Depa
would be useful as a guidance docu

al intensive water quality studies have been
. Rose 1988, and Balcer and McCauley 1989, and
1997). These studies included portions of nearshore Lake
trearns on Oak and Stockton Islands, and the Sand River,
ry River and Red Cliff Creek on They addressed water quality parameters
logy and A r s to bacteria and nutrients. Limited benthic
dies suggested that island streams tend to
fluenced by groundwater on
rland streams had
Loads of

Water qual

ling was a L
nt and are g Baseflow conditions were strongly
paver ponds on Stockton Island.

. and the highe n nt concentrations were found at base flov
howeve ere pos ted to flow. Lagoon water chemistry was relatively
ctions with Lake Superior. Water

in tha water column

tlancs anc D

the presence of nearby hydrologic intera
as also dilute, nt and contaminant le

e Supenor

and linked t

Lake Supe

e's aquatic resources in a general sense. Some of
n (Stadnyk et al. 1874, Anderson et al. 1983,

I, 1980)
n), amphibian and reptile surveys, and bird and mammal surveys
Inventories featuring more intensive sampling also

maps (inc
{including some atic animals).

TEOND. R e TR N e W T
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HydrodogTy
Information on stream and lagoon hydrology is provided in the water quality reporns cited above.

Growndw
Groundwaler information ks kmited 1o a singlo data report on weoll depths, water levels, drawdowns and
pumping rates for Presque Isle Point, Quarry Bay, Rocky Island, Little Sand Bay, and Sand lsland (U.S

Geological Survey 1980)

Physical Processos

Two studios addressed bank erosion and shoreline processes at APIS. A 1987 repon by Milfred showed
bank edige retreal over a two year period al Presque Isle campground an Stockton Island, and a repon by
Groen and Dunning (1992) provided insights on developing a long-lerm monioring program for Long

Island's shoraline.

Strengths and needs
" An array of basic water resource information is avaitable through general resource documents and basic
S t re n g t h s water quality and biological assessments. In genaral, howaver, the aquatic work at APIS has lavored
breadth over depth, so insights about water quality and aquatic biclogy are based on relatively lew
studias with relatively few data points, Additionally, with the exception ol the park-wide amphiblan survey
(Casper 2001) and the Long Island wetland survey (Meeker 1998) many of the most comprehensive
studies are now becoming dated. Fish species assemblage work should ba updaled and the surveys ol
the nearshore waters around the islands in 2003 will help meet that nead. Results from this work are

& G a ps - . axpected by 2005, Topical, issue-based aquatic research at APIS has been very kmited. Impornant
g stressors to consider in the future are aquatic invasive species, conlaminani bioaccumulation,

recreational effects, and ciimate change and lake level vanation
Recommendations

Monitonng
Several APIS siudies provide detailed recommandations with respact to future monitoring of

o .
onsiderations e
B o biological resources. Doolittie (1991) identified several mussel taxa as potentially usaful
- b tors: Elliptio complanata, anodonta g, form grandis, and Lampsilis radiate silfiquoidea. E
complanata may be especially useful lor contaminants. Krenz (1998) and Emst {1998) noted that
ple methods (auditory surveys and hand captures) improved the species list for
ith and Peterson (1891) recommended aenal surveys ol beaver colonwes avery
ansect or beaver cutling surveys every 3-5 years. Meeker (1998) outlined a
ng regime for Long Island wetlands and established moniornng transecls for
wetlands on several other islands. Craven et al. (1984) recommended annual surveys of Gull
Istand cormorant colony, and Matteson (1979) recommended a repeat gull and lem survey every
ears. Casper (2001) provided detailed methodological recommendations for mondoring

tha use of m
amphibians. Sr

gnificant effects of beavers on stream drainage patiems, espec wally at
st al. 1979). Such landscape changes should be monitored over
d 10 Lake Superior open waters. Inclusion ol
would also be desirable
in wetlands, lagoons, and Lake Supe Mc
s is of particular importance given their

re-adapted fora and fauna should be

wr fish spacs

The trawl &

ar
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oRK-WIDE SYNTHESIS

GREAT LakeS NETW

OVERVIEW OF LITERATURE
at Lakes area parks, wea collected nearly 600 pertinent

oh conducted in Gre:
atic studies varied among parks but ware generally related 10
Accordingly, parks with the highest numbers of studies
ich are dominated by aquatic habitats (Table 1). GRPO,

In our review of aquatic researc
and has not been fraquently studied (Table 3). Studies

studies and reports. Total numbers of aqu.
the prominence of the park’s water resources
included SAGN, VOYA, and ISRO (Table 3), whi
on the other hand, has very few water resources,
in these parks have explored aquatic habitats ranging from small streams o large rivers and from splash
iverse aspects of water resources, including water
nvertebrates, wildlife, and aquatic vegetation),
able 2 for complete definitions). Of

pools to Lake Superior. They have addressed d
Is, macrol
al processes (see T
eived by far the greatest emphasis

vervie f
quality, aquatic biota (fish, plankton, musse
contaminants, hydrology, groundwater and physic
these, fisheries, water quality, and basic limnological studies have rec
network-wide (Figure 2), A significant number of studies have also provided information on contaminants
addressed wetlands and aquatic vegetation, and only a small
tic wildlife, amphiblans and reptiles, groundwater, or physical

and hydrology, but fewer studies have
number of studies have addressed aqua
ks, often reflecting critical resource

L .t t
processes (Table 4, Figure 2).

The composition of research has differed among Great Lakes area par
jasues or local interests at individual parks (Figure 3). Research at APIS, for example, has included a
strong emphasis on fisheries and more studies of amphiblans and reptiles than other parks. Other APIS
research has been spread fairly evenly across categories, with a number of water quality, biology, and

Few water resource studies have been conducted at GRPO; studies

INDU had one of the

aquatic wildlife studies represented.
ocused on fisheries, water quality and contaminant issues.
reat Lakes parks, many of which focused on fecal
ave been conducted at

noted in this synthesis 1

higher numbers of water quality studies among the G
indicator bacteria, Additionally, several wetland and aquatic vegetation studies h
INDU due to the significance of the park's large marshes, interdunal ponds and bog habitats. Because of
ISRO's remote location, more studies of long-range contaminant transport have been conducted there

than any at other park. ISRO has also hosted more fisheries-related studies than other parks, and the

potential impacts of contaminants on sport fisheries of Lake Superior and inland lakes have been
investigated repeatedly. Other strong points of ISRO's research history include wide-ranging aquatic
biology and ecology studies and more than 20 years of long-term research in the Wallace Creek

watershed.

Research at MISS has been conducted almost exclusively by other agencies and has focused heavily on
water quality, contaminants, fisheries, hydrology and groundwater. More studies of groundwater
resources have been conducted at MISS than at any other park, primarily because of groundwater
withdrawal issues in the Twin Cities metropolitan area. Aquatic research studies at PIRO have been
!i;'r(l;;(:gﬂi‘);lbgg::fyl;|<Pld lm;\n’clogmal or ecological projects addressing water quality along with some
physf,alr qt‘omi)r )1:2 S, high proportion of PIRQO studies have also emphasized fishery resources and
e o oo T processes, SACN has hosted a great deal of aquatic research, much of which has
L on requirements of endangered mussels and issues of nutrient and sediment loading. SACN

research & -« i
h also features a series of shoreline studies that provide more extensive information on physical
xd strongly on

ll:;‘:.:;:?:o::;m is .':fv.w:abFe flormos{ Great Lakes area parks. Research at SLBE has focus
sty ?:w\-\;relé::;r'o‘:u ar emphasis on water quality issues in the Glen Lake and Platte River
r"cosysmms“ and‘nln‘an m‘m lr)r)ngran'l at VOYf\ has touched on nearly every component of aquatic
il heavem. nm-,-kmL;:pr:jllo Ilm‘ issue of lake level regulation. Aquatic wildlife studies
e It are‘a‘ 'm;i h'-;h‘o. an oqrm) are better represented at VOYA than at most other parks in
Bherin LR smmoa‘ h'ivr; )r;:ns ;c.lud\es are also prominent. Due to the objectives of the NAWQA
il o 28 have primarily targeted surface and groundwater water qualily issues (particularl
have contributed greatly to the knowledge base at MISS and SACN. Unlike re%c’ar\‘hy

at ]
most parks, UMIS studies have rarely addressed biological attributes
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SUMMARY AND RECOMMENDATIONS BY ReseARcH C
Water quality
ve taken a variety of forms. Most water quality
f inland waters. Water quality studies in
n limited to pacteriological studies,

Water quality studies haye emphasized
asonal variation in
ensive water quality

.‘\;‘ﬂ::!-niuw studies in the Great Lakes Network pa-k: ';ug
work has involved proad chemical of limnological surv! ),"” gk
nearshore and offshore Great Lakes ware:-rs hdh:ﬂ generally
sty Aoy o bUW:"’m s little s known about se!
spatial rather than tamporal varnability, and for many pa :.‘ .e ekl
ar quality, In addition t0 Dasc survey work, some parks hawi - it
i For example, long-lerm water quality monitonng racords axist for Washington Cre€ al it
r; ;alsrﬁh.eu at ISRO, for the Mississippl River at MISS, and for Lake St. Craix ;:j:.; i ”
tudies have been conducted at the two river parks (MISS and ) as
interactions in these parks Palealimnological

I r t I (mansive watershed-based § : e
» 18 ISRO, producing a moré complete view of [and-wi
rseonstructions of water quality conditions (phosphorus, pH) at SACN and PIRC have p_ravrded'a e
al parspective on water quality conditions. Ongoing, in-house water quality monitoring takes piac
_akes area parks, |n general our understanding of water quality in Gr_nm Lakes area
jon on nearby Great Lakes waters, increasing the temporal
mining effects of

ring informa
and further @xa

ell

histonc
st anly a few Great L

land use c

y : a e g o ry parks would be mproved Dy acquil
rasolution al manitoring to address seasonal and interannual variability,
hanga, point and non-point source poilution, and atmospheric depasition on water quality.

Recommendations
esis that several water quality parameters are

Water quality paramelers ~ Previous rese rch sugg
of particular interest for Great Lakes area parks or subsets of parks.
Loading of nutrients and sediments affects most parks, but |s of greatest concern at parks
with substantial portions of their watersheds outside park boundaries or in agricultural
use (8.g., SACN, MISS)
Nitrata concentrations have increased at SACN and MISS over the past several decades
ditionally, nitrogen can be the limiting nutrient

and should continue to be monitored. Ad
ae In northern lakes. Nitrate should be monitored in those waters susceptible to

for
Increases in atmosphenc nitrogen deposition
Dissolved organic carbon is an ecologically important paramater that affects light
penatration, microbial processes and mercury methylation in northern lakes and streams
(e.g., APIS, GRPO, ISRO, PIRO, SACN and

influenced by bogs and coniferous lorests
VOYA), Its concentration In inland waters is also linked to changes in land cover,

-(.:rmpr.',nqd processas and climate, making it a good candidate for future monitoring.
£ cf 5 b | 5 a 5
;—' nr:t:;;lhbhn; been a useful measure of lake trophic status on some occasions, but is
confounded by high organic carbon content at many Great Lakes area pa g
et mbiere e any Gre es area parks, and by marl
Bacteriological monitori sonduc i
g 1." r:::‘..l:)lrnr;r; is ¢ m;rm Ed routinely at SLBE and INDU. Research and
3 @ has indicated some drawbacks in 1 5 i
L ’ “;7 2 drawbacks in the methodologies currently available
- led attention to advances in bacteriological methods (such as rapid assess
ools and source tracking) is needed. ) i SR3R8EED!
Watershed studies — Aquatic res. R
ki " 1:;" Nh-r:ua Aquatic research in several parks (notably MISS, ISRO, and SACN) h.
been conducted w stron j - B it by
effects *I(ILI‘I:"T. ;‘"‘ a strong watershed perspective. Studies at ISRO have examined th -
fects of atmospheric depo . - g
o m_npz‘a,: rbcvr,r.xph:mun and climate change on a full suite of watershed and W'iIZr
effects of f\u[r-nlnf ’1r'n' ::-Ef‘uy:n:r: SMG‘I’?S dT[) oo g BACH, b ke pitien hand ‘hi!vn ‘Njus:cd e
ant and sediment inputs. This watershed focus ha < 1y
rstanding of terrestrial i atershed focus has helped create a mare complet
be considered as a po o D'rroces_\e water chemistry and hydrology in these parks, a rcjol <
Eonc e A possible framework for future monitoring and research N
ong-term monitoring — A \ 5 ok i
but those that do .!tl:' ‘:om Jomn water quality records are rare among Great Lakes are:
water quality trends t(e.g., atISRO, MISS, and SACN) have been inval \L o par
e o y tre ds and patterns in these parks. Lonc-larm o - : waluable for understanding
* monitoring designs in order to maintain 1 rn'm . samping siles should be included in
“ontinuity. Insights gained from existing long-
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GREAT LAKES N

Overall
Considerations

ETWORK-WIDE SYNTHESIS

e

DRAFT

—~ Channel morphology factors infiluenced composition and abundance of
nt habitat factors for fish and aquatic wildlife as well.
like SACN and MISS should be monitored over time,

River geomorphology
turties at SACN, and are likely importa
Geomorphology of large river systems

perhaps via remote sansing. )
Large woody debris —Large woody debris has been studied only at SACN, but is likely an

important factor shaping stream geomorphology and habitat in many parks. Bank stability,
diverse habitat formation, nutrient and energy exchange and cover for several species are all
important features of large wood in streams. Effects of debris dams and large woody debris
accumulations on fish and invertebrate habitat could be further explored in GLKN parks.

OVERALL RECOMMENDATIONS FOR GREAT LAKES NETWORK

Overall research and monitoring needs

Of the research categories identified in this synthesis document, the strongest knowledge base is
available for the fisheries, water quality, and basic aquatic biology categories. While we have identified
many remaining needs for future research and monitoring in these categories, requirements for basic
data in these categories are met at most GLKN parks. Other categories, howaver, have received
comparatively little attention (e.g.. wetlands, amphibians, hydrology, and groundwater) or are in need of
further study in the future (e.g.. contaminants). Wetlands and aquatic vegetation, for example, remain
relatively unexplored at most parks and baseline inventories and assessments are needed. Amphibians
are a taxonomic group of global conservation concem, but data on their distribution, abundance, species
composition and habitat requirements are unavailable or unquantified for most GLKN parks. Hydrologic
information is critical for understanding water quality and biclogical data in GLKN parks, and installation of
gages in key locations and support for existing U.S. Geological Survey gaging stations may be needed
Groundwater-surface water interactions are important issues, particularly at some of the southern GLKN
parks (MISS, INDU, and SLBE). These will require greater attention as population growth and
development place increased pressure on groundwater resources.

Contaminant studies have taken place in many GLKN parks, and represent a continued and avolving
water resource concern. Some contaminant issues, such as acid deposition and bioaccumulation of
PCBs and organochlorine pesticides, are gradually diminishing in importance to due air quality

regulations and manufacturing bans. Others, such as leakage from industrial landfills, urban runoff,
mercury bioaccumulation, and boat-related pollution, are ongoing. Still other contaminant issues have
received increased attention in recent years. These include transport and biological effects of newer
pesticides (e.g.. triazine herbicides) and ecclogical effects of unstudied wastewater contaminants (e.g.,
pharmaceuticals and personal care products). Coordinated efforts to address the boat-related pollution in
all water-based parks, pesticide and wastewater issues in large river parks, and the mercury issue in
northern parks (including effects of recent changes in power plant emission standards) would be

beneficial

Several overarching issues affect multiple parks and many of the research categories we identified in this
synthesis. These issues include aquatic nuisance species, landscape change, climate change, Great
Lakes policy issues, and fisheries management. Each of these issues would benefit from increased and
more coordinated monitoring, research, and management attention on a regional scale.

Aquatic nuisance species

The Great Lakes have a long history of species invasions, and aquatic invasive species are a continuing
concern at GLKN parks. The current list of nonnative aquatic species in the area includes

representatives of many blological groups, including fish, mussels, crayfish, zooplankton, aquatic plants,
and more. These and other potential invaders represent perhaps the most significant and imminent
biological threat to GLKN aquatic resources. GLKN parks should take all appropriate steps to understand
and manage this threat, including:

1) Identifying invasion pathways and preventing species introductions where possible
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Year

Author

Sampling
Regime

ARDSTLE ISLANDS ATIONAL LAKESHORE é

H

Findings

2

GENERAL RESOURCE DOCLMENTS AND PLRS

Van Stappen 1989 Nawral re

mmbmgm FeT
tslands Nabonal

Cument monfionng: sandscaps vegetation, purpia
mmmwmm

I Recommendations

This mondonng plan provices\l good synhass of
current research and ey afiorts, including

MATZANGArs, STl mamTan
mmmmmw
coaster brock bout, wellands, exclc vegetasion, ks,
firs weamar and fuel loading. visitor use.

Vegetation types identified and mapped.

Small mammals frappad, counied, maasured
and aged.

(Other animals inventoried by Sield sign and direct
chservation.

16 species of amphibians found at APIS along with 3
wdmmﬁmmm

Report provides a fairly compeshensive inventony of
APIS wiita,
recommendations ane

Intact spruce bogs noted and
profection.
Cover type maps provided.

and monitoning
Mhmﬁm&smum
rescurces (cormorants, herons, loons, eagies, guils,
rs, baaver, ic.

South Twn siand

Eactoria: Outer island, South Twin and Litie
Sand Bay, Presque Isie and Long Island at 3-5m
depths nedr suspected sources, twica weekdy
from mid-May to Septembar in 1986-87. Long
Isiand and Presque lsio peninsula in 1888, FC,
FSand FCFS.

Sadiment: Presqua Isle Bay and Qak Island,
ponar dredge, mid-summer 1986 and 1967, for
chemical (io4al solids, TOC, TP, particle size,
Hg) and invertebrate analysis (dentification and
density). 1it-long sediment cores from Presque
Isig Harbor, pooied and analyzed for moisture
content, od and greasa, TP, NHx-N, and TKN.
Water Quality: basc parameters plus Hg
measured at Presque Isia Bay, at multiple
Gepths, August 1986 and July and September
1687. Basic parameters measured at Outer,
Michigan and Stocidon Island Lagoons, at
despast points, late spring and lale summer
196667

Qak Isang Syream: stream hewght at gage,
weekly from May 1o September 1386, and water
quaty (suits)

Biological Monitoring: Lagoons and Presque Isla
Bay and Oak Island, lale $pring and late
summer, 1086-1967, replicals ponar grabs from
each st8, imvenebrates dentified and counted.

Net phytoplanidon coflected from Littie Sand

amtmqhhrmmmabie FS much more
abundant and variable than FC. FC:FS saldom
axceedad 0.1, indicative of non-human sources.
sadiments finer grained with higher TP
and organic C at Prasque isie than at Oak Island. Hg
barely dewctable; od and greasa conceniralions near
the dock low. Benthic inveriebrate communities in
Laka Superior dominated by obigochastes, midge
larvae and Ponioporea.
Wator Quaity Presqua Isie Bay waters wel mixed
during mid-summer sampling. TOC, conducthty,
andT‘Palmlm Michigan Istand Lagoon had low
Jevels of dissobved oxygen but did not stratly, waters
dilute. Stockion Isiand Lagoon had higher axygen
Jevels and was unstratified. Outer Isiand waler quakty
differed e betwoon s two basing; waters diuta
and generally acdic.
kI m: Conductivity, alkaliniy and pH
mm&&&mtm&45§ umbosicm?,

dominated by midga larvaa and oligochasies.
Dominant nét ;-hrme.m Asterionedia, Dinobryon,
Tabeliaria, and Fragia

MM&:« highly changeabis rahar
than unidirectional; predominanty from the
nortwast

Good broad baseine, bul tha temporal resciuton of
h data (except bacteria) wil imt useluiness for
detecting subtie huture changes. Future studies wil
need i better charactarize tamporal variablity in
walat chemistry and biokogical communiies.
Bacteria wers monfiored at a high frequancy level,

alowing for legiimate comparisons 1o curent
conditions al those ses.

Net plankion sampies exciude much of e
phytoplankion community in oigobrophic Sysiams.
Future studies should include nannoplanidon as well.




Tour: Super Summary Table

Categories

APOSTLE ISLANDS NATIONAL LAKESHORE

NES 1995,
Hudson et al 1995,
Bronie ef al 1995,
Sk 1984,
McCady ot al
1989, Bronis 1966,

References ek
: T , 1958, Wisconsin
DNR 1984, Broote
3 1983, Brander and
Badey 1963,
ot al 1974, Winker , Bronts and Gumos otal 1974,
1571 1583, Busiahn
1983, 1983,
1983¢, USFWS
1983, WIDNR
1963, Bronte 1962,
Busiahn 1982a,
18820, WIDNR
1982, Gr. Lks. Fish
Commission 1981,
Cobearty and Horal
1980, Doan 1960,
Horral ot al 1980,
Weimer 1980,
Anderson f al.
1§79, Strachan
and Glass 1978,
Wisconsin DNR
1977, Abrecht
1475, Stadnyk et
al 1974, Badey
1972, 1969, 1964,
Dryer 1964, Badey
1953, Eschmeyer
and Baley 1954
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Results: Water Resources

Feature
Coastline Length
Great Lakes Area

Unit
miles

Park

APIS
160

acres 26,932

INDU

ISRO MSS PIRO
338 0 38
408,173 0 6,025

SACN SLBE VOYA

Total
65 0 613
10,501 0 452,226

Named Streams
Intermittent Streams Length
Perennial Streams Length
Mississippi River Length

St. Croix River Length
Namekagon River Length
Ditches Length

number

miles
miles
miles
miles
miles
miles

2
33
12

12
506
4
3
8

8 10 19
28 22 12
145 101 71

7

0

0
=%
33
322

154
107

4 10 112

0 3 140

10 119 790
77
154

12

Inland Lakes

Named Lakes

Named Lakes Area
Un-named Lakes Area
Total Lakes Shoreline

number

acres
acres
miles

0
0
149
19

12
2
205
na
21

42 13 16
8488 8927 1843
17,825 833 134

A5 194 50

13

18 29 133
765 71,882 100,926
310 2630 22,352

25 931 2,351

Wetlands

Total Wetland Area

acres

2,350

17,372 25990 4,461

1381 30930 83,730
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Results: Research Composition
Network-Wide

Water Quality

Biol. & Ecol.

Fish

Ag. Wildlife
Amphib. & Reptiles
Wetlands

Contaminants
Hydrology
Groundwater
Physical Processes




Results: Research Composition
By Park

[ ] Physical Processes
[ ] Groundwater
B Hydrology

[ ] Contaminants
B Wetlands

[ ] Amphib & Reptiles
B Ag. Wildlife

Il Fish

] Biol. & Ecol.

B Water Quality
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Network-wide Findings

Nearly 600 studies reviewed
Number of studies varied among parks

Composition of studies varied among
parks




Network-wide Findings

Overall needs across Network
o Aguatic nuisance species

o Landscape change

o Climate change

o FISh management

o Great Lakes and Upper Mississippi River
Basin policy issues




Conclusions

Wealth of water resources In Great Lakes
Network parks

Diverse aquatic research

Significant water resource issues and
threats

Pressing aguatic research and monitoring
needs




Why Synthesize?

Provides a common reference document

Generates considerations for future
research and monitoring

Helps in park planning processes

Helps communicate park needs to
partners




Our advice...

Set aside a lot of time

Avoid procrastination; easier to synthesize
In large blocks

Be cautious with the gray literature, but
alert for hidden gems

Keep In close contact with; parks, Network,
and WRD
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